data. We also aimed to identify the pleiotropic genes that influenced two phenotypes.
Introduction

61
Menarche is the first menstrual cycle and signals the possibility of fertility.
62
An early onset of menarche is associated with risks for obesity, type 2 diabetes, 63 cardiovascular disease, breast cancer and all-cause mortality [1] . Menopause is defined 64 as the permanent cessation of menses due to the loss of ovarian follicular activity.
65
Younger age at natural menopause (ANM) is associated with low risk of breast cancer 66 and ovarian cancer, but higher risks of osteoporosis, cardiovascular disease and type 2 67 diabetes [1] . A Mendelian randomization study have found that later ANM causally 68 increased the risk of breast cancer [2] . These two traits also mark the beginning and the 69 end of a woman's reproductive life [3] .
71
Genome-wide association studies (GWAS) are capable to identify the association 72 between target phenotypes and million genetic variants. GWAS of age at menarche mechanism. For example, the largest GWAS of ANM identified 44 loci containing at 79 least one common variant significantly associated with ANM [2] . However, the 80 significant SNPs in 21 loci were annotated to more than one gene in each locus. It 81 suggested that the specific causal genes remain mostly unidentified.
83
A large part of genetic variants influence the target phenotypes by causal regulatory 84 effect rather than directly influencing the structure of protein [7] . Expression GWAS and eQTL data into a single analysis [7] . SMR integrates GWAS data and eQTL 91 identified from whole blood tissue to identify potential functionally relevant genes at 92 the significant loci identified in GWAS. Previous studies have shown that whole blood 93 can be a proxy of relevant tissues for various of phenotypes and disease [7, 9] .
95
In this study, we identified genes whose expression levels were associated with AAM 96 or ANM due to pleiotropy or causality, by integrating ANM GWAS data with eQTL 97 data. We conducted a colocalization analysis to identify significant SNPs causally 98 associated with both phenotypes. 
Materials and Methods
101
AAM GWAS summary dataset
102
Using 1000 Genomes Project-imputed genotype data in up to ~370,000 women, 389 103 independent signals (P < 5 × 10 −8 ) were identified for age at menarche [4] . The 104 summary data were downloaded from the following website (http://www.reprogen.org).
106
ANM GWAS summary dataset
107
The largest-scale GWAS meta-analysis summary data of ANM was used in this study 108 [2] . The GWAS meta-analysis was conducted with a total sample of 69,360 individuals 
SMR analysis
125
The method of SMR was fully described in previous paper [7] . In brief, there were three probability equal to 0.9 was used to control the false discovery rate at level 0. To identify more pleiotropic SNPs and genes associated with both phenotypes, we 185 conducted a colocalization analysis. One region was identified to contain a variant 186 influencing two phenotypes with the posterior probability of 0.92 (Table 3) . Thirteen 187 regions were considered to influence two phenotypes through different variants (Table   188 3). rs3136249, with the largest probability, was considered to be the causal SNP 189 influencing two phenotypes. Chunk was the internal numerical identifier for the segment. PPA_3 was the posterior probability of model 3.
198
PPA_4 was the posterior probability of model 4. In this study, we identified 31 genes whose expression was associated with AAM and 202 24 genes whose expression was associated with ANM due to pleiotropy or causality. In 203 total, we identified 7 new genes where there was no significant SNP in the gene region. Despite the common belief that multiple genes are responsible for controlling the timing 230 of menarche and natural menopause, very few genes have been identified that contain 231 common genetic variants associated with AAM and ANM. In this study, we identified 232 two genes rs3136249 is located in the intronic region of MSH6. MSH6, which is a 233 mismatch repair gene, was found to be associated with ANM by previous study [18] .
234
Although the function of C11orf46 is unknown, further studies are needed to prove this 235 result.
237
The present study may have some limitations that should be considered. Although we 238 redefined the functional genes in the significant loci, these genes may be associated 239 with age at natural menopause due to pleiotropy which meant that some of these genes 240 may be not the causal genes. Due to the limitation of method, we did not distinguish 241 those pleiotropic genes from causal genes. So, further works are warranted to confirm 242 the functional genes and explore the underlying mechanism.
243 244
In conclusion, we highlighted the putative functional genes in the significant loci for 
